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Abstract: Based on leveling data in 1972 -2011 and relative-gravity data in 1993 -2011, we obtained a long-
term vertical crustal-deformation rate of l. 62mm/a and a relative-gravity variation rate nf 0. 62 X 10 -• ms ' 2 a - 1 
for the northeastern margin area nf Qinghai-Tibet plateau. Mter removing the contributions from the observed 
vertical movement and inferred surface denudation, we obtain a gravity-variation rate nf 0. 73 x 10 -• ms · 2 a - 1 
attributable to the mass changes beneath the crust. This positive change suggests that the total mass under the 
observation stations was gradually increasing. We consider this result to be the gravitational evidence of under-
plating beneath the study area, and propose that the underplating was caused by collision betwen the Indian 
plate and Tibetan plateau and by gravitation-potential induced deviatoric stress. 
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1 Introduction 
The northeastern margin area of Qinghai-Tibet plateau 
is controlled joindy by several tectonic blocks and is 
topographically a transition belt between Qinghai-Tibet 
block and several blocks nearby. Recendy, geoscien-
tists have paid increasing attention to its complicated 
geophysical and geological characteristics. Some scholars 
studied the process of geodynamics and crust-mande 
coupling here by using GPS observation of tectonic 
movement and by using observation of seismic SKS 
splitting caused by anisotropy of the upper mande 11 •21 • 
Results of geological and tectonic studies have led to 
conclusion that, in addition to compression and crust 
shortening that caused uplifting and thickening of Ti-
betan Orogen , underplating ( addition of mande mass 
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to the overlying crust ) is an important mechanism. 
But this conclusion lacks other observational evidences , 
such as those in vertical deformation and gravity 
variation. 
Since vertical displacement may also cause gravity 
change, its effect must be eliminated from the gravity 
data observed at the surface in order to isolate the 
change caused by mass change. In this study, we com-
bined the relative-gravity data observed during 1994 -
2011 and leveling data observed during 1970 - 2011 in 
the northeastern margin area of Qinghai-Tibet plateau , 
and attempted to find some geodetic evidence for un-
derplating in this area. The leveling data showed an 
uplifting trend and the positive gravity-change rates 
showed a gradual underlying mass increase. By remo-
ving the contribution of surface vertical displacement, 
the gravity values at the observation points on the de-
formed earth surface were converted to those of a flXed 
point, and residual gravity changes may be considered 
to reflect only the effect nf interior mass changes. 
Based on the inferred mass changes beneath the Tibet-
an plateau , we then discuss about the mechanism of 
No.3 Guo Shusong,et al. Gravity evidence of underplating in the northeastern margin area of Qinghai-Tibet plateau 47 
crust-mantle coupling. 
2 Vertical deformations of the study 
area 
We collected precise leveling data observed in the 
northeastern margin area of Qinghai-Tibet plateau, in-
cluding those by the leveling networks used in monito-
ring tectonic deformation of main active faults in China 
since 1970 to 2011. All the height differences between 
adjacent benchmarks were plotted over time, so that 
the instable benchmarks caused by earthquake or 
ground-water drawing events could be removed. Before 
the overall adjustment, we used the static-adjustment 
method and the linear dynamic-adjustment model to es-
timate the unknown parameters. The vertical velocities 
of GPS stations within this region were used as a priori 
constraints , which can effectively reduce the accumula-
ted systematic errors along the leveling routes. The re-
sultant vertical-deformation rate is shown in figure 1 , 
where the posteriori uncertainty is 0. 97 mm. 
The vertical-movement rate shown in the figure is 
consistent with previous results inferred from geolog-
ical, GPS, and leveling measurements. Most places of 
the study area were rising at a mean rate of 1. 62 mm/ 
a, with mountain areas rising faster than basin and 
plain area in general. The maximum uplift occurred in 
the southeastern parts , specially at Gulang-Y ongdeng 
with a rate of 4. 83 mm/ a; this is followed by the west-
em mountain area and the northwestern area with a rate 
of 1. 0 - 3. 8 mm/ a. The central and northern Xining 
basin was subsiding with a maximum rate of 
- 0. 89 mm/ a. The mean vertical displacement rate of 
1. 62 mm/ a agrees well with the previous conclusion 
Figure 1 Vertical-deformation rate in northeastern margin 
of Qinghai-Tibet plateau 
obtained from geological data [ 3 l . 
3 Gravity-variation characteristics 
Our gravity data came from the Hexi gravity-survey 
network, which has taken annual mobile relative-grav-
ity measurements in the study area since 1994. Two 
LaCoste and Romberg ( LCR ) model-G gravimeters 
were used in the survey. We performed a preliminary 
analysis of the data across all the surveys to eliminate 
grossly erroneous data, and used the adjustment pro-
gram for Mobile Gravimetric Data Measured by La-
Coste and Romberg Gravimeters ( LGADJ ) software 
package recommended by the China Earthquake Ad-
ministration to obtain the gravity data at each location. 
The data were corrected for solid -earth tide , air pres-
sure , linear term , and instrument height. The average 
precision of the final adjusted gravity data is better 
than 15 J.LGal. 
The contour map (Fig. 2) shows some mild vana-
tions in the northeastern and southwestern parts of the 
survey area and an overall decreasing trend from 
+ 140 X 10-8 m/s2 in the northeast to -0 X 10-8 m/s2 
in the southwest. The central region shows a drastic 
variation , with a high gradient zone located in between 
and parallel to Hexi corridors. 
By comparing figures 1 and 2 , we see that the crust 
in the study area showed an uplift as a whole , and the 
gravity showed increases in Hexi corridor and the east-
em plains but a decrease in the southwestern plateau. 
It is well known that gravity changes observed on 
surface may be caused by vertical crustal displacement , 
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Figure 2 Contour map of gravity variation in the 
northeastern margin area of Qinghai-Tibet 
plateau (Unit: 10 -s rnls2 ) 
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surface denudation, and internal mass change, posi-
tivechange being associated with surface settlement or 
mass addition, and vice versa [ 4 l . Cui et al [5J attribu-
ted such changes to body strain changes and inflow, 
retention, or outflow of materials of different densities. 
Based on GPS data, Shen et al [6J calculated a com-
pressive-strain rate of ( 1 -2) X 10 -8 a - 1 for the study 
area; the corresponding gravity increase is less than 
3 x 10-10 ms - 2 a - 1 , which is negligible. The upwelling 
of high density materials may also lead to a gravity in-
crease , but we have seen no report on Cenozoic mag-
matism or mantle plume in the region. Thus the most 
likely cause for the observed gravity increase is inflow 
and retention of certain high-density materials. 
In the following we try to subtract the gravity chan-
ges attributable to mass change beneath the observation 
points from the observed gravity changes in order to 
provide a gravity evidence of underplating in the study 
area. 
4 Gravity evidence of underplating 
Since the Hexi gravity-survey network had gone through 
reconstruction and improvement several times , relative-
ly few observation points had a whole set of data of both 
gravity and leveling. We selected eight stable stations 
shown as 1 - 8 in figure 3 , and plot their temporal 
gravity changes in figure 4 , together with the trend lines 
obtained by least-squares fitting. 
4 
.t. Minqin 
0 
w=:J•-==r:=-•co (m) 500 1000 1500 2000 2500 3000 3500 4500 5000 5500 
A Observation point 0 City "-.. Fault River 
Figure 3 Topographic map of northeastern margin of 
Qinghai-Tibet plateau and distribution of observation points 
The gravity results show mostly positive change rates i 
in the range of ( -0.54 -1. 51) X 10-8 ms - 2 a - 1 with 
an average of 0. 62 x 10-8 ms - 2 a - 1 • 
The observed rates i may be decomposed into three 
components associated, respectively , with vertical 
crustal displacement, surface denudation, and internal 
mass change. We first eliminate the contribution from 
the surface movement as determined by leveling data. 
The gravity gradient for a mean spherical earth model is 
known to be 3. 08 mGal/ em. This gradient applies to 
the case of free air correction if the observation point 
moves vertically in space with no mass change. Howev-
er, if the gravity measurement is performed on a de-
formed earth surface , the observation point moves to-
gether with the earth surface , and the free air gradient 
is no longer applicable. Instead, the Bouguer gradient 
must be used. According to an earlier study[?], the 
Bouguer correction was estimated as 1. 1 mGaV em 
based on a local crustal density of 2. 7 gl cm3 • Thus the 
Bouguer gradient is 1. 9 mGal/ em. By multiplying the 
Bouguer gradient by the corresponding vertical dis-
placements inferred from leveling measurements, we 
obtain the Bouguer corrections ( i) for the eight sta-
tions, respectively, as shown in table 1. 
Next, we consider the contribution from surface de-
nudation. Much mass was denuded from the surface by 
erosion over the whole plateau and subsequently trans-
ported by rivers to adjacent places. Most of the denu-
dation is considered to be happening below the obser-
vation points, this mass loss decreases gravity. Accord-
ing to the study of Zhang Huiping and Liu Shaofeng[8J, 
who estimated a total denudation amount of 1000 -
1500 m during the past 1. 8 Ma in the study area; the 
equivalent loss rate of the mass-layer thickness is about 
0. 83 mm/ a. Assuming the 0. 83 mm/ a denudation as 
a simple Bouguer layer, its contribution to the gravity 
changes is then 0. 13 mGaV a, which is listed as i in 
table 2. 
By subtraction g 4 = i - i - i , we obtain the 
gravity-change rates attributed to the mass change be-
neath the observation points free of crustal motion listed 
in the table 1. The mean gravity-change rate for the 
eight stations is 0. 73 mGal/ a. The positive changes 
suggest that the total mass under the observation sta-
tions was gradually increasing. 
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Figure 4 Gravity-change rates observed at measuring points 
Table 1 Vertical displacements and gravity-change rates at observation points 1 -8 
Measuring points 
Vertical displacements ( mml a ) 
Gravity change rates ( 10 - •ms - 2 ) 
1 
2.42 
-0.46 
2 
1. 74 
-0. 33 
3 
0.57 
-0. 11 
4 
1. 61 
-0. 31 
5 
1.17 
-0.22 
6 
3.41 
-0.65 
7 
0.31 
-0.06 
8 
0.17 
-0.03 
49 
50 Geodesy and Geodynamics Vol. 3 
Table 2 Gravity-ebange rates at observation points 1-8 (unit: w-• ms _,a-t) 
Measuring points 
g' 
I 
0.92 
-0.46 
-0.13 
I. 51 
2 
0.36 
-0.33 
-0.13 
0.82 
3 
I. 19 
-0.11 
-0.13 
1.43 
4 
0.83 
-0.31 
-0.13 
I. 27 
5 
0.96 
-0.22 
-0. 13 
I. 31 
6 
I. 51 
-0.65 
-0. 13 
2.29 
7 8 
-0.54 -0.28 
-0.06 -0.03 
-0.13 -0.13 
-0.35 -0.12 
Note: i is the observed rate, i is the rate by vertical displacement, I indicates denudation-caused rates, and g4 =i -i -g3 
5 Mechanism of crust-mantle coupling 
It is estimated that the Indian plate began to collide 
with the Eurasian plate about 55 million years ago, and 
its continued northward movement has thrusted the Ti-
betan plateau upward. Subsequently , the heavier man-
tle material has been pushed sideway toward the study 
area, but partly blocked by the rigid blocks in the east 
and north[9' 10l. The collision and the deviatoric stres-
ses generated by the gravitational potential are major 
dynamic sources for crustal movement in the study are-
a, and have influenced mass exchange beneath this ar-
ea. The lower crust is usually regarded as a fluid , the 
flow of which is governed by variation in pressure at the 
base of the brittle crust. Consequently , the northward 
movement of this mantle fluid is turned into northeast-
ward and southeastward movements along the east-west 
trending strike-slip faults. In this process, some of the 
mass is probably subducted by isostasy below the study 
area , while the mass at the bottom of the crust is uplif-
ted by the continuing deviatoric stresses. At the same 
time, mantle material may be added to the bottom of 
the crust. Thus, the mass increase due to crust-mantle 
coupling is expected to increase the observed gravity. 
6 Conclusion 
In this study, we have combined relative gravity and lev-
eling data and obtained geodetic evidence nf underplating 
beneath the northeastern margin of Qinghai-Tibet plateau. 
Also we proposed the collision between the Indian plate 
and the Qinghai-Tibet plateau and the deviatoric stress 
produced by gravitational potential to be the main causes 
nf crust-mantle coupling here. Since the crustal motion in 
this area is in the form of block motion, our conclusion is 
preliminary. In the future, we will try to make use of 
GPS and seismic SKS splitting data to investigate the ex-
tent and process nf crust-mantle coupling in more detail. 
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